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THE GENESIS AND STABILITY OF NITROGEN I N  PEAT AND COAL 
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Tennessee Val ley  A u t h o r i t y ,  Muscle S h o a l s ,  Alabama 

Coal c o n s i s t s  of t h e  f o s s i l i z e d  remains O E  bog and swamp-shore 
v e g e t a t i o n ,  which, f o l l o w i n g  d i a g e n e s i s ,  w a s  p reserved  by water  and 
modif ied by h e a t  and p r e s s u r e .  
t h e  concept  of a c o a l i f i c a t i o n  series: vegetat ion-peat-brown c o a l -  
l ign i te -b i tuminous  c o a l - a n t h r a c i t e .  

Geochemists g e n e r a l l y  a c c e p t  a s  v a l i d  

Coal commonly c o n t a i n s  1-2% N i n  f i x e d  forms which a r e  h i g h l y  
r e s i s t a n t  t o  b iodegrada t ion .  The woody t i s s u e s  of t h e  o r i g i n a t i n g  
vegetat ion--predominately t ree-ferns--probably averaged  about  1% N ,  
which was of  a b iodegradable  n a t u r e .  Assuming them t o  be  similar i n  
s t r u c t u r e  t o  present-day woody t i s s u e s ,  about  20% of t r e e - f e r n  c e l l s  
conta ined  pro te inaceous  material. Humic s u b s t a n c e s  d e r i v e d  from woody 
and more s u c c u l e n t  t i s s u e s  a s  a r e s u l t  of m i c r o b i a l  a c t i v i t i e s  and 
o x i d a t i v e  polymer iza t ion  r e a c t i o n s  probably  c o n t a i n e d  2-5% N ,  a l though 
t h e  average  N c o n t e n t  of  t h e  p e a t  r e s u l t i n g  from p l a n t  t i s s u e  d e p o s i t i o n  
and decay remained at about  1%. The N c o n t e n t  of  bi tuminous c o a l  g e n e r a l l y  
i s  s l i g h t l y  h i g h e r  than  t h a t  o f  p e a t  and l ign i te - -about  1 . 5  t o  1.75%--but 
d e c r e a s e s  to less than  1% i n  a n t h r a c i t e .  

The C f N  r a t i o  t y p i c a l l y  i n c r e a s e s  from about  5011 i n  wood t o  
65/1 i n  p e a t  and l i g n i t e .  However, t h e  C / N  r a t i o  d e c r e a s e s  i n  low-rank 
bi tuminous c o a l s ,  then  i n c r e a s e s  w i t h  i n c r e a s e  i n  rank (55/1  i n  high-  
rank  bi tuminous c o a l s  t o  100/1 o r  g r e a t e r  i n  a n t h r a c i t e ) .  I t  is  e v i d e n t  
that N was gained relative t o  C ( o r  C was l o s t )  dur ing  t h e  l a t t e r  s t a g e s  
of diagenes is .  

The a c c r e t i o n  of  N by p e a t  may c o n t i n u e  a f t e r  i t s  format ion  
and subsequent  submergence i n  w a t e r s  through d e p o s i t i o n  of m i c r o b i a l  
(microf lora  and microfauna)  p r o t e i n .  The t o t a l  amino a c i d  c o n t e n t  of 
p e a t  is cons iderably  h i g h e r  than  i n  t h e  o r i g i n a l  p l a n t  m a t e r i a l ;  a t  
l e a s t  5-10% of p e a t  o r g a n i c  m a t t e r  is cons idered  t o  be d e r i v e d  from 
m i c r o b i a l  t i s s u e  (1). For example, t h e  weight of b a c t e r i a l  t i s s u e  p e r  
acre f o o t  o f  p e a t  might r a n g e  between 35-700 pounds a t  any g iven  t i m e ,  
corresponding to  about  5-115 pounds of N .  T h i s  range i s  c a l c u l a t e d  by 
assuming 35-700 m i l l i o n  b a c t e r i a  p e r  gram of m o i s t  p e a t  ( 2 ,  3 ) ,  a volume 
of 1 cubic  micron p e r  organism,  and a c e l l  d e n s i t y  of  1 .04.  
u s u a l l y  outnumber ac t inomycetes  by lO:l, and f u n g i  by 100:1, b u t  t h e  weight  
of  b a c t e r i a  is about  e q u a l  to  and h a l f  t h a t  of t h e  ac t inomycetes  and f u n g i ,  
r e s p e c t i v e l y .  
i n  p e a t  could b e  s u b s t a n t i a l .  
of  m i c r o b i a l  t i s s u e  i m p l i e s  t h e  presence  of s u f f i c i e n t  f i x e d  N t o  s u s t a i n  
microbia l  growth. Such N could be obta ined  from i n  s i t u  b i o l o g i c a l  
f i x a t i o n  o f  a tmospher ic  Nz o r  from t h e  t r a n s p o r t  of f i x e d  N i n  s e d i m e n t s  
and a q u a t i c  l i f e  t o  p e a t  beds.  

S o i l  b a c t e r i a  

A s  can be  s e e n ,  t h e  t o t a l  l i v i n g  and newly deceased biomass 
Obviously,  N a c c r e t i o n  through d e p o s i t i o n  

I! , 
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Determining how and i n  what forms t h e  N was preserved  may be 
more i n s t r u c t i v e  i n  unders tanding  t h e  g e n e s i s  of N i n  c o a l  t h a n  s p e c u l a t i n g  
on t h e  pr imary s o u r c e s  of  N i n  a c o a l i f i c a t i o n  s e r i e s .  The t i m e ,  manner, 
and c i rcumstances  of  n i t r o g e n  a c c r e t i o n  d u r i n g  o r  s h o r t l y  a f t e r  d i a g e n e s i s  
i s  of  l e s s e r  impor tance  i f  one a c c e p t s  t h e  concept  of a c o a l i f i c a t i o n  
s e r i e s  p r o g r e s s i n g  from p e a t  t o  a n t h r a c i t e  r a t h e r  than  t h e  concept  
advanced by Fuchs ( 4 ) ,  which h o l d s  t h a t  l i g n i t e s  a r e  formed under a e r o b i c  
c o n d i t i o n s  and b i tuminous  and a n t h r a c i t e  c o a l s  are formed under  a n a e r o b i o s i s .  
More i m p o r t a n t l y ,  a q u e s t i o n  c e n t r a l  t o  unders tanding  t h e  presence  of 
f i x e d  N i n  c o a l  is how n i t r o g e n o u s  products  of m i c r o b i a l  a c t i v i t y  
a c q u i r e  s t a b i l i t y  a g a i n s t  f u r t h e r  m i c r o b i a l  and chemical  decomposi t ion 
over  g e o l o g i c a l  t imes .  

SOIL HUMUS FORMATION 

Humus, a s  used  h e r e ,  r e f e r s  t o  t h e  d e b r i s  of h i g h e r  p l a n t s ,  
m i c r o f l o r a ,  and microfauna  i n  v a r i o u s  s t a g e s  of b iochemica l  and chemical  
a l t e r a t i o n .  E a r l y  work on s o i l  humus format ion  was much i n f l u e n c e d  by 
chemical  s t u d i e s  of humus i n  p e a t s  and c o a l s .  Grant ing  t h a t  t h e  f a c t o r s  
i n f l u e n c i n g  humus f o r m a t i o n  i n  s o i l s ,  marshes,  p e a t  bogs,  e t c . ,  may b e  
very  d i f f e r e n t ,  one n e v e r t h e l e s s  may b e  j u s t i f i e d  i n  s e e k i n g  common 
mechanisms f o r  humus Eormation under wide ly  d i f f e r e n t  c o n d i t i o n s  because  
of  t h e  known g r o s s  s imi la r i t i es  of c e r t a i n  humic s u b s t a n c e s  ( a l k a l i -  
e x t r a c t a b l e ,  a c i d - p r e c i p i t a b l e  subs tances)  i n  s o i l s  and i n  l a k e  and 
marine sed iments .  

Recent N t r a c e r  ('5N) s t u d i e s  s u p p o r t  t h e  p o s t u l a t e  of  Jansson  
(5) t h a t  t h e r e  e x i s t s  i n  s o i l  a l a r g e  p o o l  of r e l a t i v e l y  p a s s i v e  o r g a n i c  

N ,  a l l  o r  p a r t  of which i s  i n  e q u i l i b r i u m  w i t h  a much smaller pool  of  
l a b i l e  o r g a n i c  N .  U s u a l l y ,  when N i s  added t o  s o i l ,  some becomes immobilized 
through m i c r o b i a l  a c t i v i t y ,  e n t e r i n g  f i r s t  a p o o l  of  l a b i l e  o r g a n i c  
matter, t h e n  b e i n g  r e d i s t r i b u t e d  among p r o g r e s s i v e l y  more r e f r a c t o r y ,  
b i o r e s i s t a n t  s u b s t a n c e s  i n  t h e  p a s s i v e  poo l  (6-10). Curren t  knowledge 
of t h e  o r g a n i c  forms o f  N i n  t h e s e  p o o l s  is based l a r g e l y  on t h e  chemical  
a n a l y s i s  of  o r g a n i c  N compounds r e l e a s e d  by h y d r o l y s i s  of s o i l s  wi th  h o t  
a c i d s  [ f o r  rev iews ,  s e e  Bremner (11, 12) ] .  Such h y d r o l y s i s  s t u d i e s  
i n d i c a t e  t h a t  t h e  l a b i l e  o r g a n i c  N pool  c o n s i s t s  l a r g e l y  of bound amino 
a c i d s  and amino s u g a r s  (mainly glucosamine and g a l a c t o s a m i n e ) ,  e x i s t i n g  
perhaps as mucopept ides  (amino acid--amino s u g a r  complexes) ,  t e c h o i c  
a c i d s  ( e s t e r - l i n k e d  a lan ine-organophosphate  polymers) ,  and c h i t i n o u s  
s u b s t a n c e s .  
r e s p e c t i v e l y ,  o f  t h e  t o t a l  o r g a n i c  N of s o i l s .  P u r i n e s ,  p y r i m i d i n e s ,  
e thanolamine ,  and o t h e r  N compounds a l s o  have been i d e n t i f i e d  i n  s o i l s ,  
b u t  t h e  chemica l  n a t u r e  of  about  h a l f  of  s o i l  o r g a n i c  N i s  n o t  w e l l  
understood.  I t  i s  t h i s  u n i d e n t i f i e d ,  r e l a t i v e l y  s t a b l e  f r a c t i o n  t h a t  is 
of geochemical i n t e r e s t .  

Amino a c i d s  and hexosamines normally comprise  20-50% and 5-102, 

I n  s o i l s ,  p e a t  bogs, and l i k e  environments ,  l a b i l e  forms of  N 
are a s s i m i l a t e d  by microorganisms.  
t h e  t i s s u e s  of one  g e n e r a t i o n  b e i n g  food f o r  succeeding  ones.  W i t h  each 
c y c l e  of g e n e r a t i o n  and decay,  was te  products  of  metabolism a r e  r e l e a s e d  
t o  t h e  microenvironment .  Ammonium N and amino a c i d s  can be cons idered  

The microorganisms d i e  and decay, 
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such  was tes .  
and then  r e c y c l e  as p a r t  of new l i v i n g  t i s s u e ,  t h e r e  is no mechanism f o r  
a c q u i r i n g  s t a b i l i t y .  However, t h e  r e c y c l i n g  p r o c e s s e s  may b e  i n t e r r u p t e d  
by chemical ly  b i n d i n g  l a b i l e  n i t r o g e n o u s  s u b s t a n c e s  t o  o t h e r  i n t r a c e l l u l a r  
o r  e x t r a c e l l u l a r  c o n s t i t u e n t s  t o  form biochemica l ly  r e s i s t a n t  and chemica l ly  
i n e r t  m a t e r i a l s ,  or by d e c r e a s i n g  t h e i r  p h y s i c a l  a c c e s s i b i l i t y  t o  enzymatic  
and nonenzymatic a t t a c k .  

A s  l o n g  a s  t h e s e  waste products  r e - e n t e r  v i t a l  p r o c e s s e s ,  

The " p h y s i c a l  i n a c c e s s i b i l i t y "  concept  i s  suppor ted  by t h e  
f i n d i n g  t h a t  d e s t r u c t i o n  of p h y s i c a l l y  s t a b l e  microaggrega tes  i n  s o i l  
c o n s i s t i n g  of c l a y  minera l -organic  m a t t e r  complexes r e n d e r s  t h e  o r g a n i c  
matter more s u s c e p t i b l e  t o  chemical  and m i c r o b i a l  a t t a c k  (13) .  Also ,  
t h e  entrapment  of  ammonia w i t h i n  c l a y  l a t t i c e s  is a n o t h e r  p r o t e c t i v e  
mechanism f o r  s o i l  N .  
p r o c e s s e s  and appear  i n  c o a l  a s  p a r t  o f  c l a y  minera l  contaminants  i n  low- 
rank  c o a l s .  

Clay-protected N could  s u r v i v e  t h e  c o a l i f i c a t i o n  

Much work has  been r e p o r t e d  i n  s u p p o r t  of t h e  view t h a t  s t a b l e  
N complexes i n  s o i l  are produced by r e a c t i o n s  of  l i g n i n -  and c e l l u l o s e -  
d e r i v e d  phenols o r  qu inones  wi th  amino a c i d s  [ e . g . ,  see (11-20)] and t h e  
r e a c t i o n s  of  o x i d i z e d  l i g n i n s  w i t h  ammonia (21) .  The dark-colored  
s u b s t a n c e s  produced by such  r e a c t i o n s  have  chemical  p r o p e r t i e s  s imi l a r  
t o  t h e  humic s u b s t a n c e s  found i n  s o i l s ,  p e a t s ,  and sed iments .  A d e t a i l e d  
a n a l y s i s  of t h e  e x t e n s i v e  work on t h e  r o l e  of l i g n i n  i n  h u m i f i c a t i o n  
p r o c e s s e s  is beyond t h e  scope  of  t h i s  paper .  

Chemical f r a c t i o n s  of  humic s u b s t a n c e s  (e .g . ,  humic, f u l v i c ,  
and hymatomelonic a c i d s )  are probably n o t  s imple  chemical  e n t i t i e s ,  b u t  
more l i k e l y  a r e  m i x t u r e s  of  components of he te rogeneous  s t r u c t u r e .  They 
are n o n c r y s t a l l i n e ,  which s u g g e s t s  t h a t  they  are n o t  formed through 
enzymatic  a c t i v i t y .  Although t h e  d a r k  humic s u b s t a n c e s  e x h i b i t  t h e  
p r o p e r t i e s  of o x i d i z e d  l i g n i n s ,  i t  i s  r e a s o n a b l e  t o  assume t h a t  l i g n i n s  
must be  d r a s t i c a l l y  a l t e r e d  b e f o r e  e n t e r i n g  o x i d a t i v e  polymer iza t ion  or 
polycondensat ion r e a c t i o n s  w i t h  ammonia and amino a c i d s  ( 2 2 ,  23) .  
N a t u r a l  and u n a l t e r e d  l i g n i n s  are too  chemica l ly  i n e r t  t o  form complex, 
b i o l o g i c a l l y  s t a b l e  polymers w i t h  amino a c i d s .  Also,  format ion  of such  
polymers  e x t r a c e l l u l a r l y  i n  s o i l  from l i g n i n  r e s i d u e s  may n o t  be e x t e n s i v e  
because  only  small  amounts of l i g n i n  d e g r a d a t i o n  products  are found i n  
s o i l s  and p e a t s .  For example, a l k a l i n e - n i t r o b e n z e n e  o x i d a t i o n  of s o i l  
o r g a n i c  matter y i e l d e d  s y r i n g y l ,  g u a i a c y l ,  and p-hydroxyphenyl r e s i d u e s  
amounting t o  less than  1% of t h e  t o t a l  s o i l  C ;  f o r  p e a t ,  t h e  y i e l d  w a s  1 
t o  4% ( 2 4 ) .  

The proximi ty  of  r e a c t a n t s  t o  each  o t h e r ,  t h e i r  c o n c e n t r a t i o n s ,  
t h e  r e a c t i o n  s i t e  microenvironment ,  and t h e  t i m e  t h a t  each r e a c t a n t  i s  
r e l e a s e d  t o  t h e  microenvironment  a r e  f a c t o r s  which may de termine  t h e  
e x t e n t  of  format ion  of d a r k  humic s u b s t a n c e s  and t h e i r  n a t u r e .  These 
f a c t o r s  themselves  a r e  i n f l u e n c e d  by t h e  type  of  v e g e t a t i o n  undergoing 
d i a g e n e s i s  (e .g . ,  woody t i s s u e s  are c h a r a c t e r i z e d  by r e l a t i v e l y  h igh  
p r o t e i n  and l i g n i n  c o n t e n t s  a s  compared t o  sphagnum moss). A s  p l a n t  
t i s s u e  decays,  l o o s e l y  bound p r o t e i n s  and carbohydra tes  a r e  a t t a c k e d  
f i r s t ,  fol lowed by p e p t i d e s  and methyla ted  polysacchar ides .  L i g n i n s  are 
r e l a t i v e l y  r e s i s t a n t  t o  b iodegrada t ion .  It  a p p e a r s ,  t h e r e f o r e ,  t h a t  
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ammonia and amino a c i d s  would be  r e l e a s e d  from p l a n t  r e s i d u e s  t o  t h e  
s o i l  a t  a p a r t i c u l a r  m i c r o s i t e ,  and then t ransformed o r  a s s i m i l a t e d  
b e f o r e  l i g n i n -  o r  c e l l u l o s e - d e r i v e d  phenols  and quinones a r e  produced a t  
t h e  m i c r o s i t e .  Even though amino a c i d s  may p e r s i s t  unmodif ied i n  s o i l s  
f o r  many y e a r s ,  t h e r e  is e v i d e n c e  t h a t  a c o n s i d e r a b l e  p o r t i o n  o f  s o i l  
amino a c i d s  is  n o t  bound t o  l i g n i n  (11) and may form s t a b l e  complexes 
w i t h  t r a n s i t i o n  series metals (25).  

The i n t a c t  c e l l  i s  a p o t e n t i a l  r e a c t i o n  chamber i n  which 
chemica l ly  a c t i v e  s u b s t a n c e s  may b e  i n t i m a t e l y  a s s o c i a t e d  a t  h igh  
c o n c e n t r a t i o n s  i n  a microenvironment  f a v o r a b l e  f o r  r e a c t i o n .  Recent ly ,  
c o n s i d e r a b l e  a t t e n t i o n  h a s  been g iven  t o  t h e  p o s s i b i l i t y  t h a t  humic 
s u b s t a n c e s  a r e  formed by a u t o l y s i s  of microorganisms ( 2 3 ) .  The presumption 
t h a t  s t a b l e  o r g a n i c  N polymers can be formed i n t r a c e l l u l a r l y  is suppor ted  
b y  ev idence  t h a t  d a r k  humic s u b s t a n c e s  are formed by chemical  r e a c t i o n s  
o f  b iochemica l ly  produced r e a c t a n t s ,  t h a t  t h e  sequence o f  r e a c t a n t  
p r o d u c t i o n  i n  s o i l  may n o t  be  conducive t o  e x t e n s i v e  e x t r a c e l l u l a r  
format ion  of  humic s u b s t a n c e s ,  and t h a t  t h e  d a r k  humic s u b s t a n c e s  formed 
i n  d i f f e r e n t  media and a t  d i f f e r e n t  g e o l o g i c a l  t i m e s  are similar.  

POSSIBLE INTRACELLULAR FORMATION OF HUMIC SUBSTANCES 

L i v i n g  ce l l s  c o n t a i n  t h e  enzymes needed f o r  degrading  t h e i r  
autogenous s u b s t a n c e s  ( e . g . ,  p r o t e i n s ,  p e p t i d e s ,  and c e l l u l o s e )  and f o r  
t h e  fur ther  r e a c t i o n  of che d e g r a d a t i o n  products  ( e . g . ,  t h e  o x i d a t i o n  o f  
phenols  t o  quinones  and polyphenols  by p h e n o l a s e s ) .  However, l i g n i n a s e  
h a s  n o t  been i s o l a t e d  from h i g h e r  p l a n t  o r  m i c r o b i a l  t i s s u e ,  n o t w i t h s t a n d i n g  
t h e  s p e c i f i c  e v i d e n c e  of l i g n i n a s e  a c t i v i t y  i n  fungal  c e l l s .  I n  woody 
ce l l s ,  l i g n i n  is d e p o s i t e d  i n  t h e  i n t e r s t i c e s  between t h e  m i c e l l a r  
s t r a n d s  and m i c r o f i b r i l s  of c e l l u l o s e  and o t h e r  m i c r o c r y s t a l l i n e  components 
o f  t h e  c e l l  w a l l .  A f t e r  t h e  c e l l  o r  t i s s u e  d i e s ,  removal of t h e  l i g n i n  
l e a v e s  t h e  c e l l  w a l l  morphologica l ly  i n t a c t .  
r e l a t i v e l y  b i o r e s i s t a n t  c e l l  wall ,  high c o n c e n t r a t i o n s  of  monomeric 
s u b s t a n c e s  can accumula te  as a u t o l y s i s  proceeds .  

Within t h e  p r o t e c t i o n  of a 

Quinones can condense w i t h  0-amino a c i d s  through t h e  amino 
group,  l e a v i n g  t h e  a c i d i c  carboxyl  groups f r e e .  C r o s s - l i n k i n g  w i t h  
a d j a c e n t  qu inones  c o u l d  o c c u r  through diamino-amino a c i d s  ( e . g . ,  l y s i n e )  
o r  t h i o l - c o n t a i n i n g  amino a c i d s  (e .  g . ,  c y s t e i n e ) .  Polycondensa t ion  
would r e s u l t  from i n t e r m o l e c u l a r  i n t e r a c t i o n s  between compounds p o s s e s s i n g  
a t  least two f u n c t i o n a l  groups capable  of e s t e r i f i c a t i o n .  The o r d e r  and 
p a t t e r n  of  po lycondensa t ion  would be i r r e g u l a r ,  r e s u l t i n g  i n  a 3-dimensional  
amorphous s u b s t a n c e  ( a  he te ropolycondensa te  co-polymer w i t h  s i d e  c h a i n s )  
composed of  many phenol ic-quinol ic-amino a c i d  u n i t s .  I t  has  been p o s t u l a t e d  
t h a t  such polymer ic  s u b s t a n c e s ,  by v i r t u e  of t h e i r  i s o l a t e d  resonance  
groups ,  would a b s o r b  l i g h t  of a l l  wavelengths  and appear  d a r k  i n  c o l o r ,  
b e  s o l u b l e  i n  a l k a l i s  because  of t h e i r  f r e e  c a r b o x y l s ,  b e  s l i g h t l y  
s o l u b l e  i n  o r g a n i c  s o l v e n t s  because of t h e i r  p redominant ly  condensed 
a r o m a t i c  n a t u r e ,  and b e  p r e c i p i t a t e d  from a l k a l i n e  s o l u t i o n  by a c i d s  and 
heavy meta ls  (26) .  
m i c r o b i a l  a t t a c k  because  of t h e i r  high molecular  weight ,  t h e i r  c r o s s -  
l i n k e d ,  c o v a l e n t  bonding,  and t h e i r  he te rogeneous ,  p redominate ly  n o n l i n e a r  
s t r u c t u r e  o f  n o n r e p e a t i n g  u n i t s .  

Such co-polymers would be r e s i s t a n t  t o  chemica l  and 
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The humic s u b s t a n c e s  formed w i t h i n  t h e  c e l l  would be  r e l e a s e d  
by e x t r a c e l l u l a r  m i c r o b i a l  and chemical  a t t a c k  on t h e  c e l l  w a l l .  S i n c e  
t h e i r  o v e r a l l  mode of f o r m a t i o n  is s i m i l a r ,  d a r k  humic s u b s t a n c e s  found 
i n  d i f f e r e n t  environments  ( e . g . ,  s o i l s ,  p e a t s ,  and sed iments )  would be  
expec ted  t o  have similar g r o s s  p r o p e r t i e s .  I n  t i m e ,  and depending on 
envi ronmenta l  f a c t o r s ,  t h e  l i n e a r  s i d e  c h a i n s  of t h e  l a r g e ,  i r r e g u l a r l y  
s p h e r i c a l  co-polymer would be  degraded,  l e a v i n g  a s u b s t a n c e  t h a t  would 
r e q u i r e  t h e  f o r t u i t o u s ,  u n l i k e l y  a s s o c i a t i o n  of s e v e r a l  enzymes t o  
e f f e c t  i ts f u r t h e r  degrada t ion .  

NITROGEN FORMS I N  COAL 

L i t t l e  is known w i t h  c e r t a i n t y  a b o u t  t h e  N forms i n  c o a l  and 
i t  appears  premature  t o  s p e c u l a t e  about  t h e  metamorphic convers ion  of  
humic s u b s t a n c e s  whose s t r u c t u r e s  a r e  only  g r o s s l y  i d e n t i f i e d .  There i s  
ev idence  t h a t  N o c c u r s  l a r g e l y  a s  h e t e r o c y c l i c  s t r u c t u r e s  ( 2 7 ,  28). such 
as n i c o t i n i c  a c i d  (29).  
p h y s i c a l  and chemical  t r e a t m e n t  y i e l d e d  t h e  f o l l o w i n g  h y p o t h e t i c a l  
d i s t r i b u t i o n  of n i t r o g e n  s t r u c t u r e s :  
s t r u c t u r e s  wi th  u r e a ,  amino a c i d ,  and p e p t i d e  u n i t s  ( 3 5 % ) ,  c a r b a z o l e  
S t r u c t u r e s  y i e l d i n g  ammonia ( l o % ) ,  low-molecular weight  c y c l i c  b a s e s  and 
phenylamines (3%);  Chloroform phase--hydrophi l ic  b a s e s ,  n o n b a s i c  N 
compounds, and f a t t y  amines (23%);  R e s i d u a l  coal--high-molecular  weight  
N compounds (3%).  Upon p r y o l y s i s ,  26% of  t h e  N compounds y i e l d e d  N 2  
(30). 

A presumptive a n a l y s i s  of c o a l  e x t r a c t s  a f t e r  

Water phase--purine b a s e s  and 

Among t h e  amino a c i d s  found i n  p e a t  were g l y c i n e ,  a s p a r t i c  and 
g lu tamic  a c i d s ,  a l a n i n e ,  l e u c i n e ,  th reonine .  and v a l i n e  (31) .  Monoamino 
and diamino a c i d s  have been i d e n t i f i e d  i n  p e a t ,  l i g n i t e ,  and subbi tuminous 
c o a l ,  b u t  no  diamino a c i d s  have been found i n  bi tuminous and a n t h r a c i t e  
c o a l s  (28) .  
h y d r o l y s a t e s  of a n t h r a c i t e  e s t i m a t e d  t o  b e  over 200 m i l l i o n  y e a r s  o l d  
(32). 

Glycine and a s p a r t i c  and g lu tamic  a c i d s  w e r e  found i n  

Free  porphyr ins  have  been i d e n t i f i e d  i n  p o l a r  s o l v e n t  ( e . g . ,  
e t h e r  o r  p y r i d i n e )  e x t r a c t s  of bi tuminous c o a l  ( 3 3 ) .  Metal-porphyrin 
complexes may b e  p r e s e n t  i n  c o n c e n t r a t i o n s  as  h igh  as 7000 ppm, about  
100 times t h o s e  of f r e e  porphyr ins .  Nicke l  and vanadium complexes are 
e s p e c i a l l y  s t a b l e .  Porphoryns i n  c o a l  o r i g i n a t e  i n  t h e  c h l o r o p h y l l  and 
r e s p i r a t o r y  pigments o f  g r e e n  p l a n t  t i s s u e  and have been preserved  i n  
water-logged p e a t  because of t h e i r  g r e a t e r  s t a b i l i t y  i n  a n a e r o b i c  b i o l o g i c a l  
environments .  T h e i r  p r e s e n c e  lends  s u p p o r t  t o  t h e  h y p o t h e s i s  t h a t  p r e s s u r e  
and moderate h e a t  a r e  t h e  a g e n t s  of p e a t  metamorphosis  because  porphyr in  
s t a b i l i t y  i n c r e a s e s  w i t h  p r e s s u r e  and decreases  w i t h  h e a t .  Also ,  s t u d i e s  
of porphyr ins  i n  bi turnins  g i v e  s u p p o r t  t o  t h e  h y p o t h e s i s  t h a t  pe t ro leum is 
formed i n  b r a c k i s h  environments  from a s p h a l t i c  c o n s t i t u e n t s  r e s u l t i n g  from 
t h e  a l t e r a t i o n  of marine and t e r r e s t r i a l  p l a n t  and an imal  o r g a n i c  m a t t e r  (34). 

y 
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Use o f  t h e  N t r a c e r ,  "N, h a s  c o n t r i b u t e d  g r e a t l y  t o  a n  
unders tanding  of  t h e  t u r n o v e r  of  N i n  b i o l o g i c a l  m i n e r a l i z a t i o n -  
immobi l iza t ion  r e a c t i o n s ,  p r o c e s s e s  which proceed s imul taneous ly  and i n  
o p p o s i t e  d i r e c t i o n s  [ f o r  an e x t e n s i v e  b i b l i o g r a p h y ,  see Hauck and Bystrom, 
( 3 5 ) ] .  However, N t r a c e r  t e c h n i q u e s  have n o t  been used e f f e c t i v e l y  t o  
c l a r i f y  t h e  chemica l  n a t u r e  of humic m a t e r i a l s ,  l a r g e l y  because  experiments  
have not  been d e v i s e d  t o  make maximum use  o f  I5N f o r  t h i s  purpose.  I t  
would be i n s t r u c t i v e  t o  f o l l o w  t h e  d e t a i l e d ,  s e q u e n t i a l  decay of h igher  
p l a n t  and m i c r o b i a l  t i s s u e  l a b e l e d  wi th  I3C and I5N, and t o  a t t e m p t  t o  
i s o l a t e  l a b e l e d  polycondensa t ion  products  from c e l l  p o p u l a t i o n s  i n  
v a r i o u s  s t a g e s  of  a u t o l y s i s .  Comparisons should  b e  made o f  t h e  d i s t r i b u t i o n  
of t r a c e r s  i n  d i f f e r e n t  humic f r a c t i o n s ,  a s  a f f e c t e d  by t h e  p r e c u r s o r  
t i s sue .  For example, woody t i s s u e  may produce more h i g h l y  a r o m a t i c ,  
humic s u b s t a n c e s ,  s u c h  a s  t h o s e  found i n  c o a l s ,  w h i l e  the  cor responding  
humic f r a c t i o n  from p r o t e i n a c e o u s  t i s s u e  may b e  more a l i p h a t i c  i n  c h a r a c t e r .  
However, such  comparisons might be v a l i d  o n l y  i f  c a r e  i s  taken  t o  s e p a r a t e  
e x t r a c e l l u l a r  from i n t r a c e l l u l a r  format ion  of  humic s u b s t a n c e s ,  should  
such  a d i s t i n c t i o n  exis t .  

Carbon i s o t o p e  s t u d i e s  show n o  c o r r e l a t i o n  between i s o t o p i c  
composi t ion,  d e g r e e  o f  c o a l i f i c a t i o n ,  and  g e o l o g i c a l  a g e  o f  c o a l s  ( 3 6 ) .  
From t h i s  one may i n f e r  t h a t  t h e  C i n  c o a l  w a s  d e r i v e d  l a r g e l y  from land  
p l a n t s  *which absorbed  carbon d i o x i d e  of uniform C i s o t o p i c  composi t ion 
and t h a t  n o  measurable  C i s o t o p e  f r a c t i o n a t i o n  occurred  d u r i n g  d i a g e n e s i s .  

S l i g h t  b u t  s i g n i f i c a n t  v a r i a t i o n s  have been observed i n  the  N 
i s o t o p i c  composi t ion of d i f f e r e n t  p e a t s  and c o a l s  ( 3 7 - 3 9 ) .  The N i n  
c o a l  tends  t o  have a s l i g h t l y  h i g h e r  I5N c o n c e n t r a t i o n  than v e g e t a t i o n  
i n  t h e  v i c i n i t y  of t h e  c o a l  seam ( 3 8 ) ,  b u t  d e f i n i t e  c o n c l u s i o n s  are n o t  
j u s t i f i e d  from t h e  l i m i t e d  d a t a  a v a i l a b l e .  I n  a n o t h e r  s tudy  ( 3 9 )  C 
i s o t o p e  a n a l y s e s  i n d i c a t e  t h a t  some Dutch n a t u r a l  g a s  d e p o s i t s  o r i g i n a t e d  
from r e c o a l i f i c a t i o n  o f  c o a l  seams 3000 and 5000 meters below sea l e v e l .  
Ni t rogen  i n  g a s e s  o b t a i n e d  from t h e s e  d e p o s i t s  was e n r i c h e d  i n  '5N, 
ammonia obta ined  from t h e  c o a l  (coke-oven gas)  was d e p l e t e d  i n  I5N 
( r e l a t i v e  t o  a t m o s p h e r i c  N?), l e a d i n g  t o  t h e  s p e c u l a t i o n  t h a t  t h e  N i n  
n a t u r a l  gases  w a s  n o t  d e r i v e d  from t h e  c o a l .  Measurements of N i s o t o p e  
r a t i o s  i n  n a t u r a l  g a s e s  have a l s o  been used t o  e x p l a i n  the  p a r a l l e l  
i n c r e a s e  i n  H e  and Nz i n  g a s e s  wi th  i n c r e a s e  i n  age  of r e s e r v o i r  rock  
( 4 0 )  and t o  e l u c i d a t e  t h e  o r i g i n  of N i n  gases  a s s o c i a t e d  w i t h  c r u d e  
o i l s  and sed imentary  m a t e r i a l s  ( 4 1 ) .  

w h i l e  

The l i m i t e d  number and scope  o f  t h e  s t u d i e s  r e f e r r e d  t o  above 
make i t  d i f f i c u l t  t o  assess whether  f u r t h e r  s t u d i e s  of t h i s  k ind  w i l l  
prove u s e f u l  i n  c l a r i f y i n g  t h e  g e n e s i s  o f  c o a l ,  kerogen,  pe t ro leum,  and 
n a t u r a l  gases .  Obvious ly ,  i f  t h e  N i s o t o p e  r a t i o  of  N occluded i n  
methane, f o r  example,  i s  s i m i l a r  t o  b u t  s l i g h t l y  lower than t h a t  o f  a 
nearby d e p o s i t  of o r g a n i c  m a t e r i a l ,  then one has  reason  t o  assume t h a t  
t h e  methane was d e r i v e d  from t h a t  d e p o s i t .  A l s o ,  a s l i g h t l y  lower N 
i s o t o p e  Kat io  f o r  N i n  methane s u g g e s t s  t h e  o c c u r r e n c e  of  i s o t o p e  
f r a c t i o n a t i o n  as C-N bonds a r e  ruptured  d u r i n g  gas  format ion .  
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There is a t i m e  gap of  about  200 m i l l i o n  y e a r s  s e p a r a t i n g  
c u r r e n t  s t u d i e s  of  h u m i f i c a t i o n  p r o c e s s e s  and t h e  e v e n t s  which conver ted  
v e g e t a t i o n  t o  c o a l .  Because t h e  i s o t o p e  r a t i o  r e f l e c t s  t h e  cumula t ive  
e f f e c t s  of n i t r o g e n  c y c l e  p r o c e s s e s ,  in-depth s t u d i e s  of t h e  N i s o t o p i c  
composi t ion of p e a t s ,  c o a l s ,  and t h e i r  a s s o c i a t e d  m a t e r i a l s  may prove  
h e l p f u l  i n  s e p a r a t i n g  e v e n t s  t h a t  Occurred d u r i n g  d i f f e r e n t  g e o l o g i c a l  
times. 
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